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Exercise I: [12 pts] Interference
Young’s double slit experiment is performed in air (Fig. 1). These very fine slits, y 4x
apart by F1F> =a =1 mm, are illuminated by a monochromatic light of wavelength | ] M®
in air L = 589 nm, emitted by a fine source F placed at a distance d = 20 cm from F "I Fig. 1
the plane of the two slits. The source F and the two slits are horizontal. The | o
observation is made on a screen located at a distance D = 100 cm from the plane of |__d My o
the two slits. I Been

1. The optical path difference & at a point M of abscissa x is given by: 6 = FoM-F{M = a—;.

a) M being the center of a bright fringe, determine the expression of the interfringe distance i and calculate its value.

b) Specify the nature and the order of interference of the fringe whose center N is at 5.6 mm from O.

2. The source F is moved by a distance z along the Fy axis. We notice that the center of the central fringe moves up and
takes the place of the center of the tenth dark fringe. Specify the displacement direction of F and calculate this displacement.
3. Fis returned to its initial position and we insert, in front of F», a small parallel plate of index n = 1.5 and of thickness e.
We notice that the interference pattern is displaced by b = 10 mm.

Determine the value of e, knowing that the optical path difference at M becomes: & = % +e(n-1).

Exercise I1: [24 pts] About Energy

The circuit of figure 1 is carried out with the following components: a generator of emf

E =4.0V, two resistors (R1) and (R2) respectively of resistance Ry = 1 kQ and Rz = 400 Q,
a coil of inductance L = 0.40 H and of negligible resistance, a capacitor of capacitance

C =1.0x10® F and a switch K.

A- Charging the capacitor "
The capacitor is initially discharged and the switch K is moved to position 1 at the instant to 7ZdcnE
= 0. At an instant t, the circuit carries a current i and the voltage across the capacitor is

t
U =uam = E(1-e” ©), where t = R1C.
1. a) Calculate the value of T and determine, as a function of time t, the expression of i.
b) Draw, as a function of time t, the shape of the variation of u and that of upa = R1 .
2 t

2 a) Show that, at an instant t, the power dissipated (by Joule’s effect) by the circuit is: P; = i—e_2¥ .

b) Deduce the energy W, dissipated by the circuit during the charging mode and calculate its value.
c) Calculate the energy Wo stored by the capacitor at the end of the charging mode.
d) Deduce the energy supplied by the generator to perform the charging of the capacitor.
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B- Discharging the capacitor

The capacitor is fully charged. We move, at an instant to = 0, the switch K to position 2.

Using an oscilloscope, we display, as a function of time, the voltages uam (curve 1) and uswm (curve 2) (Fig. 2).

1. Energy Study

The voltages displayed (Fig.2) show that the circuit is the seat of pseudo-periodic oscillations of pseudo-period T.

a) Calculate, at the instant to = 0, the energy W stored by the LC circuit.

b) Determine, at the instant t;, when the two curves intersect for the first time:

i) the current .

ii) the electromagnetic energy W- stored by the LC circuit.

c) Calculate the energy dissipated by (R2) between the instants to = 0 and t;. @) _

2. Electrical Oscillations et s —
a) Show that the differential equation that describes the variation of the 2 \2>[/4,Fig. ¢ 8 10

‘u(\")
(1)

S = N W W

|

U
N -

voltage u is written as: ii + 2Au+ w3u = 0, where A = z—i and wo = \/ch
b) The solution of this differential equation is of the form: u = B e™! cos (ot-¢), where o, B and ¢ are constants.

i) Take & = |n( ;‘“)T)) with T =2 Show that & = 3. T.

ii) Referring to the curve (1) of Figure 2, determine the corresponding values of T, 5, A, B and ¢.
Exercise I11: [24 pts] Swing

A swing, on which sits a child of mass m and of center of inertia G, is considered as a simple pendulum
(S) of adjustable length ¢ = OG and of mass m at G. (S) can oscillate in a vertical plane about a
horizontal axis (A) passing through O. We assume the forces of friction negligible and the oscillations
of small amplitude.

At an instant t, the position of (S) is identified by its angular elongation 0 relative to the vertical, 6 = %
being its angular velocity. The horizontal plane passing through O is the reference level for the

gravitational potential energy. Take g = 9.8 m/s?, cos 6 = 1- 92—2 and sin © = 0 (0 in rad).
A- Equation of motion

(S) is shifted in the positive direction from the equilibrium position, by a small angle 6o, then left Fig. 1
without speed at the instant to = 0. (S) starts to oscillate with an amplitude 6, supposed small.

1. a) Show that, at the instant t, the mechanical energy of the system [(S), Earth] is written: ME = % m¢26? - mg/cos6.

b) Derive the differential equation in 6 that describes the motion of (S).

c) Deduce the expression of the natural period To of oscillations of (S) in terms of 7 and g.

d) Show that the expression of the instant T when the elongation of (S) reaches, for the first time, the value 6 = 0 rad is given

L _m |l
by.’C—E\/;.
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2. @) The solution of the differential equation is of the form: 6 = 6, cos(i—rE t + ). Determine the expression of 6, and
0
calculate the value of o.

b) Show that the expression of the amplitude 6, of the angular velocity is given by: Om = \/% Om.
c) Calculate, for # = 2.0 m and 6o = 0.05 rad, the values of 6m, Om and To.

B- Motion amplification

The child wishes, now, to increase (amplify) the amplitude 6m of the oscillations starting from the instant to = 0 where

0o = 0.05 rad and 6o = 0.

- During the first passage by 6 = 0, at the instant t;, the child instantaneously stands up (Fig. 2), thus moving up his center of
inertia G from Gy to G, with /2 = OGo.

- When passing by 6 = - 6:m (maximum deviation in the negative direction), at the instant t, (Figure 3), the child sits down
again instantaneously, lowering his center of inertia from G to Gi.

- When passing again by 6 = 0 at the instant t3, the child stands up again instantaneously, shifting his center of inertia from
G1 to G2 (Fig. 2).

- When passing by 6 = + 62m (maximum deviation in the positive direction) at the instant t4, the child sits down again
instantaneously (Fig. 4), lowering his center of inertia G to Ga.

1. Show that the expression of the period T of the oscillations 'O o

of (S)isgiven by: T = n(—ﬁ%ﬂz).

2. Just before passing by 6 = 0, at the instant t7, the child

begins to rise, which means that r(t7) = /1 and just after, at 2 2

the instant t7, the child completes its rise, which means that

r(t1) = La. Qa,

a) Consider the physical quantity K(t) = mr?6 where r = OG, I

r being equal to /1 or /2. What does K(t) represent? Explain QG G|

why K(t7) = K(t). Fig 2 passage by 0~0|Fig 3 passage by 6=0,,Fig 4 passage by 6=0yu

b) Let 6, and 6 be respectively the angular velocities of (S)

at the instants (t7) and (t7). Determine, in terms of /1 and /2, the expression of the ratio 93/90‘.

¢) Deduce that 02m/8om = £3/05, Where Bom and 0,m are respectively the angular amplitudes of (S) at the instants toand t = T.
3. a) After n oscillations, the amplitude is written as 62nm. Determine the expression of 62nm/6onm in terms of /1 and /.

b) Calculate n so that 62nm = 10°, with /1 =2.0 m, /2 = 1.8 m and 6om = 0.05 rad.
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Exercise | : [12 pts] Interference

Wiz

Q Notes
1.2) | M is the center of a bright fringe. So & = ki with k an integer = ki = % = 2.5
For the fringe of order k: xx = MTD. : ’
M(x)
For the fringe of order k-1: Xx-1 = (k_:)w. . P l%
x10~2x1. z
The interfringe distance is: | = Xk - Xk-1 = %. i= 5830107310 = D 3
OX d D .
0.589x10° m or 0.589 mm. i B
g.2
b) ? = 055% =9.5 = x =9.51, thus N is the center of tenth dark fringe and its order is k = 9. 2.5
2. F has been displaced downward. The new position O' of the center of the central fringe is: x=9.5i =5.6 mm. | 3.5
FF; + F,0' = FF1 + F1O' = F,0' - F1O' = FFy - FF2. Since F,0' > F10' = FF1 > FF, = then the source F is
-3
displaced downward. Also, = = % —z= % = 5.5*0“).2 =1.12x10* mor 1.12 mm.
3. For the center of the central fringe, the optical path difference is zero. 35

—ax
D

downward. = e(n-1) = % =e(l5-1)=

. S0 x <0 and x = -b; thus the center of the central fringe is displaced
1x1073x10x1073

5==+e(n-1)=0=e(n-1) =

. So e = 20x10° mor 20 pum.
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Exercise Il : [24 pts] About Energy

Q
A-1. | Ast=R;C, then t =103x10% = 10°s or 1 ms.
t t
3) At the instant t, i =CV_cler mizfe
dt T Ry
b) See figure
Z.a) - - .., _ .2 . _ E2 _ZE
As the power dissipated by Joule effect is: P; = R1i¢, then: P; = —e .
1
b) The energy dissipated by the circuit during the charging: 25
_ (> Bccaie: 2t o gger o« 2 EEO 2 _ 6 A2 — "
W—fo P]dt,W—f0 R € dt—R—l[— e 15 _R_le_l/ZCE =1 1x10° 4° = 8x10™° J.
C) The energy stored by the capacitor is given by: W, =% CE?, since at the end of the chargeu=E=4V. 1
thus : Wo = %2 106 x42 = 8x10° J.
d) W =W, + W, =16x108J. 1
B-1. | At the instant to = 0, the energy W1 stored by the LC circuit is: Wy =% Cu? + % Li? = % CE?, since atto | 1
a) | =0,ug=Eandio=0. W;=28x10°].
b) i) | Atthe intersection, u; = 1.7 V. The current i: i = uz/R2 = 1.7/4.0x10? = 4.25x10° A. 1.5
i) The electromagnetic energy W- stored : 2.5
W, =¥ Cu? + % Li? = Yox10°x1.7% +%4x0.4x(4.25x107%)? = 1.45x10° + 3.61x10° = 5.06x10° J.
C) Initially W, = 8,0.10°J. When the curves intersect: W, = 5.06-10° J 1
The energy dissipated by the resistor is Waissip = W1 — W2 = 2.94x107° J.
2.8) | According to the law of addition of voltages: uaw = Uas + Usw, Where Uay = U, Uas = - L% and 2
Usm = -Ral, with i = % and q=Cu. thus,i=C % = Uag = - LC% and usm = —ch%.
L d?u du d?u , Rydu,6 1 _ . . 2 _ _ Ry il
thus:u=- LCF'R2C53E+TE+EU —O<:>u+2ku+w0u—O,Wherex—zand o= [Tz
b) i) —a(_8® ) B e~ cos (0t—9) — In (AT . 15
s In(u(t+T)) ~ In(B e~Mt+T) cos (m(t+T))—¢)) § 0T, tls, BT
if) Wehave T=4.2ms. § = In(i) gives: §=1.99, as aresult : A = 3 1'99_3 =474 51 2.5
0.6 T 4.2x10
Atto=0,u=4Vandur=R:i=0=i=0.u=Be™cos (wt-¢), at to = 0, u = Bcos(d) = 4 = cos(¢) > 0. 3

i= C% = CB[-Ae™ cos (wt-¢) -oe™ sin (ot-¢)], at to = 0, i = - CB[Acosd - wsin(¢)] = 0.

tang == =" = 22220316 = ¢ = 0.306 rad. Bcos(¢) =4 = B = Cos(:goﬁ) —42V.

2n 2n B
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Exercise 111 : [24 pts] Swing
0 Notes
A-1. | The mechanical energy, Em = % 1-62 + mgz = Em = % m¢20? + mgz. As z = -/cos®, then, 2
a) Em = % m¢262 - mglcose.
b) No friction, therefore conservation of the mechanical energy. 25

ME = % m/20? + mgz = % m¢20? - mg/cosd = constant.
The derivative with respect to time gives: m¢2 60 + mg/sin6d = 0 =¢ 6 + gsin® = 0 since 0 is not
always zero. For small 0, 6 + % 0 =0.

c) The general form of this differential equation is: § + »3 6 = 0, we thus have simple harmonic 1.5

. . 5 2 P l
oscillations of proper angular frequency wo. By comparison, m3 = %. As oo = T—" giving: To = Zn\[é .
0

d i 05
) The instant t to which (S) reaches, for the first time, elongation 6 = 0 rad is t = To/4 = E\E'

2.a) | The angular velocity is expressed by: 6 = - i—n Om sin(i—’t t+ o). 2
0 0
Atto =0, 902-i—ﬁGmSin((p)ZO:q):OOI‘nl‘ad. Atto=0,0=06mncos(p)>0=¢p=0rad
0
and Om = 6o. Thus: 6 = O, cos(i—1T t).
0

b) The expression of the angular velocity 6 is then given by: 6 = - i—“ Om sin(% t). 1
0 0

The amplitude of 6 is then: 6, = ,ZF—“ Om = \/% Om.
0

. 15
For ¢=2.0mand 6o =0.05rad : 06, =0,05rad ; Om = \/? x 0.05=0.111rad/sand To=2.84s.

B-1. For £ =/, T1= 211\[7 and for £ = (5, To = 2nf 2

For / = /4, tl——\Fandfromtltotzthlstakes Yaof To. Thus: t=t; +—\f —\/5 —\/5 —( Zl ZZ).

As a result, the expression of the period T of the oscillations of (S) is given by: T=2t,= (‘ﬂ}‘FZ)
2.3) | The physical quantity K(t) = mr?0 is the angular momentum of (S) relative to (A) at an instant t. 2.5

Between the instants t7 and ti, (S) is subjected to the weight W, a vertical force passing through O
and the reaction of the axis (A) at O. So Zmoments/(A) = 0. Thus, we have the conservation of the
angular momentum and as a result: K(t7)= K(t7).
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b) | K(ty)=me2 8, and K(t}) = me2 6. K(t7)= K(t) = me2 6, = me2 oy, 2
As aresult: Og /0, = (2102,
C) . . . AT — |8 At g . stoAT 20,2 35
The amplitude of the angular speed is given by: 0, = - Bomand By = [-=01m. With 6,/6, = (1// and
1 t2
00/0p = \/Eelm/ \/E Bom = \/aelm/eom. Thus: ¢2/¢3 = \lzelm/ Bom. As a result : O1m/ Oom = \F 02102
(2 (1 (2 KZ ﬁl
Lowering down in the positive direction: 0sm/ 01 = \/EE (3103, Oam/Bom = \/jz 03103 \/ﬁz 02102 = 13103,
1 -1 1
3.2) | Oaun/O0m = (£3103)" = 237037 1
15

O2nm/Oom = (23/1.8%)" = 1.113" = 0.1745/0.05 = 3.49 =3 n In(1.11) = In(3.49) = n = 3.99 ~ 4.
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